Two 5'-phosphodiesterases (5'-PDE-a and 5'-PDE-b) were isolated from barley malt rootlets, and further purified by gel filtration on Sephadex G-25 and Sephadex G-75. 5'-PDE-a had a pH optimum of 5.0, temperature optimum of 70 o C, and specific activity of 0.0143 mM ⋅mg -1 ⋅min -1 . 5'-PDE -b had a pH optimum of 6.0, temperature optimum of 65 o C and specific activity of 0.0125 mM ⋅mg -1 ⋅min -1 . Both enzymes can be used to hydrolyze RNA to form 5'-nucleotides. The enzymes were quite stable at 70 o C for 420 minutes. The K m was 0.24 mM for 5'-PDE-a and 0.16 mM for 5'-PDE-b with t-RNA (yeast) as substrate.
5'-Phosphodiesterase (5'-PDE) is used commercially to hydrolyze RNA to form flavor and important pharmaceutical nucleotides [1] . Reported microbial sources for the preparation of 5'-PDE include Penicillium citrinum [2] , certain Actinomyces, such as Streptomyces aureus [3] , species of Halobacterium [4] and Aspergillus niger [5] . Snake venom [6] and animal tissues are other sources of 5'-PDE [7] , which can also be obtained from germs of some plants, such as rootlets of oats, barley, wheat, corn, rye, millet, sorghum and rice [8] .
Compared with many other sources, barley malt rootlets are cheaper materials for the preparation of 5'-PDE, and additionally, there is no doubt about the safety of the enzyme. Hence, there has been a steady growth of interest in the purification and characterization of 5'-PDE from barley malt rootlets [9] [10] [11] [12] . Reports [13, 14] showed that the enzyme extracts prepared from malt rootlets contain not only nucleases, including 5'-PDE, but also phosphatases, which can cause further hydrolysis of 5'-nucleotides, and make the crude extracts unsuitable for use in preparing 5'-nucleotides from RNA. Obviously, more convenient and economical procedures are needed to obtain 5'-PDE containing less phosphatases and other undesired enzymes, and the enzymatic properties of the 5'-PDEs originating from different barley varieties need to be elucidated.
Gansu province is one of the main production areas of barley in China, and Gansu No. 3 beer barley is widely planted in this province. Barley rootlets from this source could serve as good raw material for large-scale production of 5'-PDE. The present work studied the optimal conditions for the extraction of 5'-PDEs from these malt rootlets, and their characteristics were determined, including optimal pH and temperature, heat stability and Michaelis' constant (K m ).
The extraction of 5'-PDE was mainly influenced by the fineness of the rootlets, pH, temperature, amount of extraction solvent (water) and extraction time. A fivefactor-four-level orthogonal array design was used to seek the optimal conditions for the extraction of 5'-PDE. The results showed that maximum total enzyme activity could be obtained when the fineness of the barley rootlets was larger than 120 mesh, the pH was 7, the temperature 20ºC, the ratio of solvent to rootlets 16:1, and the time for extraction 7 hours. The preparative extraction was conducted under optimum conditions, and the crude enzyme preparation was subjected to gel filtration on a Sephadex G-25 column. Two peaks were observed in the elution profile ( Figure 1 ). The protein NPC Natural Product Communications 2010 Vol. 5 No. 2 265 -268 Table 1 : Separation of 5'-PDE from germinated barley by gel filtration. Crude enzyme solution was centrifuged at 7500 rpm for 30 minutes. Supernatant (2.0 mL) was applied to a Sephadex G-25 column and eluted with water. The enzymes separated were lyophilized, and then further separated on a Sephadex G-75 column. The separated enzymes were collected, lyophilized and activities detected by HPLC-RNA assay. contained in the second peak (EB) had little RNAase activity and was not studied further.
The enzyme in the first peak (EA) was collected, concentrated by freeze drying, and then further separated on a Sephadex G-75 column. Two peaks were observed in the elution profile ( Figure 2 ). The enzyme activities of the two peaks were assayed separately and are listed in Table 1 . The enzymes of both peaks were identified as 5′-phosphodiesterases, named as 5'-PDE-a and 5'-PDE-b, respectively, for they can catalyze the hydrolysis of yeast RNA to produce 5'-nucleotides. The 
5′-phosphodiesterase from barley malt rootlets
Natural Product Communications Vol. 5 (2) 2010 267 5'-PDE-a increased slightly when the enzyme was heated during the first 60 minutes. Overall, the enzyme activity of both enzymes decreased slowly with time of heating, but high enzyme activity was maintained for the 7 hours, which indicated that these 5'-PDEs have excellent thermostable properties.
The pH optimum of the enzyme was determined by measuring the enzymatic activity in disodium hydrogen phosphate/citric acid buffer with various pH values. The results are shown in Figure 4 .
The K m of the PDEs was determined from a Lineweaver-Burke plot obtained using a fixed amount of enzyme and varying amounts of substrate (yeast t-RNA). The maximum reaction velocities at different substrate concentrations were calculated from relations of the concentrations of the products (5'-CMP, 5'-UMP, 5'-GMP, and 5'-AMP) and the reaction time, and then the maximum reaction velocity values were used for the calculation of the K m of the 5'-PDEs. The concentrations of the products were determined by HPLC. The K m values calculated from a Lineweaver-Burke plot were 0.24 mM for 5'-PDE-a and 0.16 mM for 5'-PDE-b.
In conclusion, two 5'-phosphodiesterases (5'-PDE-a and 5'-PDE-b) were isolated from Gansu No. 3 beer barley rootlets by gel filtration on Sephadex G-25 and Sephadex G-75. The enzymatic properties of these 5'-PDEs were similar to those of some reported barley enzymes [9, 13, 15] . The enzymes can be applied for hydrolysis of RNA to produce flavor nucleotides. The hydrolysis products of RNA with the raw enzyme extracts and 5'-PDE (-a and-b) were analyzed by HPLC, and the latter was found to contain fewer peaks. This proved that the 5'-PDE (-a and-b) preparations were purer than the raw enzyme extracts. However, we could not rule out the existence of other phosphatases and undesired enzymes in the 5'-PDE (-a and-b) preparations. were purchased from Wuwei Dadi seed company (Gansu, China). Barley malt rootlets were obtained through the following process: 600 g barley seeds were soaked in 1000 mL water at room temperature for 5 h. The seeds were drained and then spread onto medical gauze, which was laid on a sand bed (60×1000×2000 mm). The seeds were covered with sand to a depth of 20 mm, which was sprayed with water. The seeds spouted at about 30 o C after 5 days. Barley roots were then collected. The fresh rootlets were dried at 105 o C for 12 h and then ground to different states of fineness for extraction of the enzyme. 
Preparation of 5'-PDE:
Ground dry rootlets (20 g) were soaked with 320 mL distilled water at 20 o C for 7 h to extract 5'-PDE. After filtration and centrifugation, 280 mL enzyme solution was prepared. Method) : 2% RNA solution (1.0 mL) and 0.8 mL of acetate buffer, pH 5.0, was preheated at 70 o C for 15 mins. Then 0.2 mL of enzyme solution was added. The reaction was stopped after 30 mins by adding 2.0 mL of 5% perchloric acid. The pH of the mixture was adjusted to 5.0 with ammonia solution, and the volume was adjusted to 6.0 mL with water. The resulting solution was centrifuged at 7500 rpm for 20 min. The supernatant was analyzed by HPLC to calculate the amount of the 4 5'-nucleotides in the 6.0 mL hydrolysis solution.
Assay of enzyme activity of 5'-PDE (HPLC-RNA
A standard graph of 5'-CMP, 5'-UMP, 5'-GMP, 5'-AMP in the range of 2×10 -6 ~ 10×10 -3 mol/L was similarly prepared. A blank was produced under the same conditions. One unit of enzyme activity is defined as the mM of total 5'-nucleotides hydrolyzed per minute from RNA with 1.0 mL enzyme solution at 70 o C and at pH 5.0. The enzyme activity unit is mM/ (mg × min). However, as the enzyme activity of some 5'-PDE preparations was very small, nM/ (mg × min) is also used in this paper. 6 1 / ( min) 1 10 / ( min) mM mg nM mg × = × × Protein measurement: Proteins in the enzyme solution were determined by the method of Bradford using BSA as a standard [16] .
